In this paper, we present a comparative study between Newton-Raphson method, Householder's iteration method, Adomian decomposition method and High order iteration method applied to the solution of nonlinear hydrocarbon combustion equations for investigation of equilibrium composition in combustion products. For this purpose, the paper produces a step of numerical for calculating the composition of the hydrocarbon combustion, which is based on the development
Introduction
Many mathematical modeling which explain natural phenomena are usually formulated in term of nonlinear differential equations, both ordinary and partial.
Solving nonlinear equations is one of the most important problems in numerical analysis. Much attention has given to develop several iterative methods for solving nonlinear equations, see [1] [2] [3] [4] [5] [6] and the references therein. Newton-Raphson method is the most popular and powerful method in solving non-linear combustion equations. For example, Rakopoulos [7] . also used this method to solve equations of chemical equilibrium combustion model in 11 species diesel alone combustion products, Masood and Ishrat [8] used this method to solve equations of low-temperature combustion model with only 10 products species , Rashidi [8] combined Newton-Raphson with successive substitution methods to solve combustion problem of hydrocarbon fuel with 18 products species and concluded that the combined method gives very fast and reliable convergence during iteration process. The purpose of this research is to present a new reliable modification of Newton Raphson method, Adomian decomposition method, Householder's iteration method, High order iteration method for solving the nonlinear equation. For applying the method to combustion equation, differential operators will be established step of singular equation. Moreover, some combustion equations of gasoline fuel are illustrative for demonstrating the advantage of the comparison.
Problem formations
The hydrocarbon fuel is to be specified in terms of the C, H, O and N atoms in the fuel (Gasoline, 7 17 C H ). The other parameters that need to be specified are equivalence ratio and temperature. For the calculation of equilibrium constant, the data for constants is considered from Grill [9] . The molar-air fuel ratio is calculated from the number of carbon, hydrogen, nitrogen and oxygen atoms present in the fuel the data for constants is considered from Turn [10] .
Logic of the numerical simulation of combustion equation
This process based on conservation of mass that was modified form Turn [10] , where the following equation represents the chemical reaction with the relevant species involved which was added gasoline supplied as given below, 
The above 4 equations, Eq. (6) through Eq. (9) have 10 unknowns ( 1 2 11 , ,...., y y y ), therefore in order to solve for these 10 unknowns other 6 more equations are needed which may be derived from the consideration of equilibrium among products. The equilibrium constant can be related to the partial pressure of the reactants and products. 
And the partial pressure of a component is defined relative to the total pressure and the mole fraction, thus the equilibrium constant can be rewritten as, (Equilibrium constant is the ratio of mole.) , where , where , where , where
The equilibrium constants are treated as a function of gas temperature. It is the highest possible temperature that can be achieved during combustion. For computation of temperature, it is assumed that no heat will be transferred through cylinder walls, that is heat must be zero and all energy transferred to engine work and exhaust product. 
Where, T is in Kelvin (Temperature). For the range of 1000 ≤T ≤3000K, coefficients for calculating the equilibrium constant K, Substitution of the equilibrium constants from Eq. (24) and the curve-fit coefficient constants into Eq (10) through Eq. (16) and rearranging to express mole fractions of all species in terms of 3 4 5 , , y y y and 6 y the mole fractions of 
Each of these may be expanded in Taylor expansion of ( ) f x to a higher order for Newton-Raphson method,
Functions j f are evaluated from the solution of interested functions (Eq-26 through Eq-29).
(1,2,3,
The independent set of derivatives is obtained by solution of matrix equation that results from differentiating with respect to mole fraction. The above can be arranged as set of linear equations in the matrix form,
(Improving the derivative term of the system sees in the appendix A)
Householder's iteration method
The given equations can be solved by using Householder's iteration method. The general form of Householder's iteration method for nonlinear systems is
Each of these may be expanded in Taylor expansion of ( ) f x to a higher order for Householder's iteration method, see Eq. (31). Functions 
The independent set of derivatives is obtained by solution of matrix equation that results from differentiating with respect to mole fraction. The above can be arranged as set of linear equations in the matrix
(Improving the derivative term of the system sees in the appendix A and B)
The Adomian Decomposition method
The given equations can be solved by using Adomian Decomposition method. The general form of Adomian Decomposition method for nonlinear systems is
Each of these may be expanded in Taylor expansion of ( ) f x to a higher order for Adomian Decomposition method, that is 
High order iteration method
The given equations can be solved by using High order iteration method. The general form of High order iteration method for nonlinear systems is
Each of these may be expanded in Taylor expansion of ( ) f Where
(Improving the derivative term of the system sees in the appendix A and B) 
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Numerical experiments
We present combustion equations of gasoline fuel to illustrate the efficiency method proposed in this paper. We compare the method with Newton-Raphson method (NRM), Householder's iteration method (HoIM), Adomian Decomposition method (ADM) and High order iteration Method (HIM). The results were compared the number of iteration (NI), obtained solution (yi) [denote by mole fraction of combustion products] or emissions. Numerical computations have been carried out by using the software MATLAB.
The results are presented in Tables 1 and 2 for compared with, varied temperature 1500-3000 K and fixed equivalence ratio is 0.8. The results are presented in Figure 1 and 2 for compared with, varied equivalence ratio 0.5-2.0, fixed temperature 2000 and 2500 K ,and the fuel is Gasoline ( 7 17 C H ). Newton-Raphson method 
